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Purpose: This study was designed to determine the influence of changes in intraoperative 
management on the outcome of ruptured abdominal aortic aneurysm (RAAA). 
Methods: Retrospective r view of out surgical experience of RAAA identified 61 patients 
and was separated into two periods: 1986 to 1988 (group 1 In -- 21 patients]) and 1989 
to 1994 (group 2 [n = 40 patients]). Since 1989 operations have been conducted by two 
vascular surgeons without systemic administration of heparin and with control of 
suprarenal aorta if extensive hematoma is present, use of collagen-impregnated grafts, 
preferential repair w th aortoaortic grafting, and routine use of intraoperative autotrans- 
fusion. 
Results: Factors differing between the groups were use of intraoperative autotransfusion 
(4.76% in group i vs 80% in group 2,p < 0.00001), repair with tube grafting (42.8% in 
group 1 vs 80% in group 2, p = 0.003), number of packed homologous red blood cells 
(7.5 + 5.2 units in group I vs 3.1 + 3.6 units in group 2,p = 0.008), postoperative blood 
loss (365 + 705 ml in group i vs 133 + 351 ml in group 2,p -- 0.01). The intraoperative 
mortality rate was significantly lower in group 2 (5% vs 28.6%, p = 0.016). The only 
predictive factor was the use ofintraoperative autotransfusion with a lower mortality rate 
in patients undergoing autotransfusion (p = 0.029). The postoperative mortality rate was 
significantly Iower in group 2 (20% vs 52.4%, p = 0.009). Predictive factors were use of 
intraoperative autotransfusion (p = 0.0009), age of the patients (p = 0.0039), and repair 
with tube graft (p = 0.039). The odds ratio of postoperative d ath was 25 times higher 
without intraoperative autotransfusion a d seven times lower when a tube graft was used. 
Conclusion: Continuing efforts to achieve improvement in surgical technique and use of 
intraoperative autotransfusion were important determinants in lowering the postoperative 
mortality rate of RAAA to 20%. (J VAsc SURG 1995;22:780-6.) 
The mortality rate for the elective repair of 
abdominal aortic aneurysm (AAA) has considerably 
decreased uring the last three decades with pub- 
lished rates of 0% to 4.2%. 1-5 In contrast the 
prognosis for ruptured forms still remains poor, with 
a high mortality rate of 15% to  80%; 6-19 most seiles 
report mortality rates of 50%. Despite refinements 
in vascular surgical techniques and improvements 
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in anesthetic management and intensive care, the 
progress in reducing mortality and morbidity rate are 
modest, and recent reports 9 state that these technical 
changcs art not significantly influencing operative 
mortality rates in emergency surgery for ruptured 
AAA (RAAA). The mortality rate differs in reported 
series according to variations in the hemodynamic 
status of patients at the time of  presentation, the 
amount of intraoperative blood loss, and the number 
of transfusions. Minimized intraoperative blood loss 
and salvage of intraoperative blood are the main 
factors required for stabilization of blood pressure 
during operation. Currently several good systems are 
available for operative blood recuperation and au- 
totransfusion. In an attempt to clarify the key 
determinants of a successful operation, we have 
reviewed our experience in emergency surgery for 
RAAA. Changes in our operative technique and 
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routine use of autotransfusion have recently led to 
improved results, with a postoperative mortality rate 
of 20%. 
MATERIAL AND METHODS 
Data concerning all patients admitted to our 
institution between 1985 and 1994 (n = 61) for 
emergency operation for RAAA were retrospectively 
reviewed. Rupture was defined as a defect in the 
aneurysmal wall allowing extravasation f blood with 
retroperitoneal hematoma or free intraperitoneal 
blood. We separated the data into two periods, 1985 
to 1988 (group 1 [n = 21 patients]) and 1989 to 
1994 (group 2 [n = 40 patients]), because our 
surgical technique was standardized in January 1989 
as follows: each operation was performed by two 
vascular surgeons and two assistants for retracting 
and aspirating; systemic administration of heparin 
was not used; systematic suprarenal aortic control 
was used if extensive retroperitoneal hematonaa was 
present; aortoaortic graft was used for repair when- 
ever feasible; collagen-impregnated grafts were used; 
and intraoperative autotransfusion was routinely 
used whenever possible. 
In group 2, all operations were performed by a 
vascular surgeon with 5 or more years training in 
vascular surgery who was assisted by another vascular 
surgeon as first assistant instead of one vascular 
surgeon with a variable degree of specialization as 
was used in group 1. 
Anesthetic consisted of fentanyl and pancuro- 
nium, associated with small doses of benzodiazepine 
when mean arterial pressure was above 60 mm Hg. 
Intravascular volume was maintained with crystalloid 
and colloid infusion and with homologous or autolo- 
gous blood transfusions to obtain hematocrit above 
30%. 
Autologous transfusion was assured with an 
autotransfusion device (Stat; Dideco Lab., Miran- 
dola [Modena], Italy), which allowed aspiration and 
collection of blood loss with heparinized saline 
solution, concentration fred blood cells by centrifu- 
gation, and washing of red blood cells with normal 
saline solution before reinfusion of a unit of blood in 
less than 3 minutes. The hematocrit of this unit of 
blood varied from 45% to 55%. This device did not 
require separate t chnical support and was run by the 
circulating nurse. 
Systemic administration of heparin was discon- 
tinued in group 2; after aortic control was achieved, 
we flushed each iliac artery with 10 ml heparinized 
saline solution containing 25,000 units heparin 
dissolved in 500 ml normal saline solution. During 
surgery, we did not usually use tests of anticoagula- 
tion, except activated clotting time if excessive blood 
loss was present. After surgery, we controlled coagu- 
htion factors, fibrinogen, activated clotting time, and 
prothrombin time to detect coagulopathy. 
The number of deaths during surgery and at I and 
3 months after surgery was defined, respectively, as 
intraoperative and postoperative death at 1 and 3 
months. Morbidit T was defined as the incidence of 
postoperative complications including kidney failure 
(postoperative glomerular filtration rate less than 50 
ml/min or serum creatinine level higher than 1.5 
mg/dl at day 1 after surgery), heart failure (need of 
inotropic support such as dobutamine, dopamine, or 
epinephrine), and septic complications (pulmonary 
or septicemic infections uch as septic syndrome or 
positive isolates from bronchopulmonary tract or 
blood specimens, respectively). Patients who died 
during surgery were excluded from analysis of 
postoperative morbidity. Because of the retrospective 
collection and the emergency context of RAAA, 
some data were lacking. 
Variables were expressed as mean _+ SE. The p 
values less than 0.05 were considered significant. 
Continuous variables were evaluated with a Student 
t test. If the hypothesis of normality was rejected, we 
used a nonparametric test (Mann-Whitney test). 
Categorical variables that seemed to be associated 
with death were tested with the chi-squared test. If 
the validity conditions of chi-square were not re- 
quired, a Fisher exact test was used. Significant 
variables associated (p < 0.05) were analyzed by 
stepwise logistic regression analysis to control and 
adjust he effect of risk factors of intraoperative and 
postoperative d ath (dependent variables). For some 
variables the number of missing values was too 
important to be used in this analysis. Only the 
significant and well-informed variables, previously 
associated with a dependent variable, were included 
in this model of logistic regression (age, preoperative 
systolic blood pressure, use of autotransfusion, type 
of revascularization). The relationship between the 
two groups and the postoperative mortality rate at 1 
month with adjustment of the preoperative systolic 
blood pressure was studied by a stratified analysis 
with the Mantel-Haenszel method. 
RESULTS 
Global analysis 
Fifty-five men and six women were included in 
the study. The mean age was 72.1 + 8.4 years with 
a range of 55 to 91 years. The mean systolic blood 
pressure at presentation was 78.8 -+ 35.1 mm Hg 
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Table I. Homogeneity of the groups 
Group 1 (21 patients) Group 2 (40 patients) p Value 
Age (yrs.) 71.4 + 7.1 72.4 ± 9.1 NS 
Mcdian systolic blood prcssure (mm Hg) 72.5 80 NS ~ 
Type of rupture (intraperitoneal rupmre) 19% 20% NS 
NS, Not significant. 
~The statistical analysis was adjusted on the median systolic blood pressure for the four patients who had high systolic blood pressure in 
group 2. 
with a range of 20 to 140 mm Hg, and 36% 
(n = 22) of the patients were in shock with systolic 
blood pressures less than 80 mm Hg. Retroperi- 
toneal rupture was present in 49 patients (80.3%), 
and free peritoneal rupmre was present in 12 
patients (19.7%). Aortic proximal control was 
gained at the descending thoracic aorta through a 
left thoracotomy in two patients (3.3%), at the 
suprarenal orta within the abdomen in 22 patients 
(36.1%), and by the direct approach to the infra- 
renal aorta through the retroperitoneal hematoma 
in 37 patients (60.6%). The distal vessels were 
controlled with two occlusive Fogarty balloon cath- 
eters introduced into the iliac arteries. Mean time 
of aortic clamping was 60 _+ 22.4 minutes. In all 
patients, replacement was performed with a woven 
Dacron graft, which was a tube graft in 41 patients 
(67.2%) and a bifurcation graft in 20 patients 
(32.8%). The inferior mesenteric artery was reim- 
planted in eight patients (13.1%), (patients without 
revascularization f the hypogastric arteries, patients 
with aortoexternal iliac repair and aortobifemoral 
repair, and patients with intraoperative evidence of 
colon ischemia). 
Homologous transfusion was required in all 
patients. Mean number of packed homologous red 
blood cells was 4.29 + 4.46 (range 0 to 17). 
Intraoperative autotransfusion was performed in one 
patient in group 1 (4.76%) and 32 patients in group 
2 (80%), allowing restitution of 932.6 _+ 697.4 ml 
(range 0 to 2700 tal) of autologous washed and 
centrifuged red blood cells. Mean postoperative 
hematocritwas 29.3% + 5.6% (range 18% to 40%). 
Global postoperative blood loss in closed suction 
drains at 1 day after surgery was 283.7 + 602.1 ml 
(range 0 to 2585 ml). 
Homogeneity of the groups (Table I) 
The main preoperative criteria at presentation 
were comparable between the two groups. However, 
the mean systolic blood pressure had a tendency to be 
statistically lower in group 1 than in group 2 
(64.2 + 29.8 mm Hg vs 86.6 + 35.6 mm Hg, 
respectively; p = 0.053); this difference was attrib- 
utablc to four patients who had high systolic blood 
prcssure in group 2 ( > 130 mm Hg). In the statistical 
analysis, we adjusted this variable to take this 
difference into consideration. In fact, the median 
systolic blood pressure was 72.5 mm Hg in group 1 
and 80 mm Hg in group 2. This difference was not 
statistically different between the two groups 
(p = 0.45) .  
Comparison of the two groups (Table II) 
The factors differing between the two groups 
were only intraoperative and postoperative: the use 
of intraoperative autotransfusion was 4.76% in 
group 1 versus 80% in group 2 (p < 0.00001); the 
type of revascularization (repair with tube graft) 
was 42.8% in group 1 versus 80% in group 2 
(p = 0.003); thenumber ofpackedhomologous red
blood cells was 7.5 + 5.2 in group 1 versus 3.1 _+ 
3.6 in group 2 (to = 0.008); and the postoperative 
blood loss was 365 ___ 705 ml in group 1 versus 
133 _+ 351 ml in group 2 (p = 0.01). 
Morbidity 
Postoperative complications occurred in 36 pa- 
tients (66.6%) of the 54 patients who survived the 
surgery. The main complication was renal function 
alteration because 51.8% of patients (n = 28) had 
a postoperative glomemlar filtration rate less than 
50 ml/min or a serum creatinine level higher than 
1.5 mg/dl on the first postoperative day. More 
severe kidney failure (creatinine clearance of less 
than 25 ml/min) occurred in 46.3% of patients 
(n = 25), but only two patients required hemo- 
dialysis. Septic complications occurred in 18 pa- 
tients (33.3%): 17 patients had pulmonary infec- 
tions and 7 had septicemia. Fifteen patients (27.7%) 
had heart failure and required inotropic support. 
One patient required surgical hemostasis early after 
surgery. None of the patients had thrombotic om- 
plications of the lower extremities or intestinal 
ischemia. The mean stay in the intensive care unit 
was 12.6 _+ 15.4 days (range 1 to 60 days), in- 
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Table II. Comparison of the two groups 
Group 1 (21 patients) Group 2 (40 patients) p Value 
Use of autotransfüsion 
Type of revascularization (aortoaortic 
tube graft) 
Clamping time (min.) 
Postoperative hematocrit (%) 
Units of blood transfused 
Postoperative blood loss (ml) 
Stay in intensive care (days) 
Time of  mechanical ventilation (days) 
Incidence of postoperative complications 
4.76% 80% < 0.00001 
42.8% 80% 0.003 
59.4 + 30.8 60.2 + 19.4 NS 
30.3 + 3.8 28.8 + 6.2 NS 
7.5 +- 5.2 3.1 -+ 3.6 0.008 
365 _+ 705 133 + 351 0.01 
12.1 -- 18.7 12.8 -+ 14.2 NS 
12.7 _+ 20.6 6.0 _+ 13.6 NS 
81% 68% NS 
cluding a mean time of mechanical ventilation of 
7.8 _+ 15.7 days (range 0.5 to 60 days). 
No predictive factor of morbidity was delineated 
from logistic regression analysis by use of stepwise 
selection. Specifically, the incidence of postoperative 
complications was similar in both groups with regard 
to heart or lddney failure and the overall incidence of 
postoperative complications (80.9% in group 1 vs 
68.2% in group 2, p = 0.38). Pulmonary infection 
incidence was similar in the two groups (35% in 
group i vs 28.6% in group 2,p = 0.65). The mean 
stay in the intensive care unit of the surviving patients 
was significantly correlated with the time of con- 
trolled ventilation (p = 0.0001), but there was no 
significant difference between the patients of the two 
groups (Table II). 
Mortality rates and predictive factors of  death 
Intraoperative mortality rate. The intraopera- 
tive mortality rate was significanfly lower in group 2 
than in group 1: 5% versus 28.6%, respectively; 
p = 0.016 (Fig. 1). According to the logistic regres- 
sion analysis with stepwise selection, the only factor 
of intraoperative death was the use of intraoperative 
autotransfusion, with a lower mortality rate in 
patients undergoing autotransfusion than in those 
who did not (p = 0.029). 
Postoperative mortality rate at i month (Table 
II I). The postoperative mortality rate at 1 month 
was significantly lower in group 2 than in group 
1: 20% versus 52.4%, respectively;p = 0.009 (Fig. 
1). An analysis with logistic regression with use of 
stepwise selection proved the existence of several 
predictive factors of the postoperative mortality 
rate at 1 month. The first predictive factor was 
the use of intraoperative autotransfusion (p = 
0.0009); the second was the age of the patients, 
with a higher mortality rate as age increased 
(p = 0.0039); the third predictive factor was the 
type of revascularization, with a lower mortality rate 
with repair by tube graft (p = 0.039). The pre- 
operative blood pressure had a tendency to be 
statistically a predictive factor of postoperative death 
at 1 month (p = 0.06). The concordance between 
observed responses and predicted probability of 
death with this model of regression analysis was 
89.9%. The estimate of the relative risk of post- 
operative death at 1 month was represented by the 
odds ratio. The odds ratio of postoperative death 
at i month was 25 times higher (confidence interval 
95% = 3.7 to 173.2) without intraoperative au- 
totransfusion and seven times higher (confidence 
interval 95% = 1.1 to 45.1) when a bifurcation 
graft was used rather than a tube graft. Therefore 
intraoperative autotransfusion and preferential use 
of aortoaortic grafting were the most important 
deterrninants of the lower postoperative mortality 
rate at 1 month in group 2 (20%) than in group 
1 (52.4%). 
A srratified analysis showed that patients with 
a systolic blood pressure <75 mm Hg had a 
mortality rate significantly lower in group 2 (25% 
vs 80%, p = 0.01), whereas those with a systolic 
blood pressure > 75 mm Hg had a mortality rate 
not significantly different between the two groups 
(37.5% in group i vs 18.2% in group 2,p = 0.34). 
The difference of the postoperative mortality rate 
at 1 month between the two groups was not due 
to a difference of preoperative systolic blood 
pressure. 
Postoperative mortality rate at 3 months. The 
postoperative mortality rate at 3 months was sig- 
nificantly lower in group 2 than in group 1: 32.5% 
versus 61.9%, respectively (p = 0.027). Use of 
intraoperative autotransfusion was the only factor 
associated with the postoperative mortality rate at 
3 months, with a lower mortality rate in patients 
who undergo autotransfusion than in patients who 
do not: 27.3% versus 60.7%, respectively (p = 
0.008). 
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Fig. 1. Comparison of  intraoperative and postoperative mortality rates at 1 month. 
Table III. Predictive factors of postoperative d ath at 1 month (logistic regression with 
stepwise selection) 
Predictive factors Parameter estimate 13 risk Standart error p Value Odds ratio (exp.13) 
Intraoperative autotransfusion 3.24 0.98 0.0009 25.45 
Age* 0.18 0.06 0.0039 - 
Type of revascularization 1.95 0.95 0.0397 7.04 
Preoperative blood pressure* 0.02 0.01 0.0692 - 
*Quantitative variables (no odds ratio). 
DISCUSSION 
The global mortality rate for ruptured aortic 
aneurysms i almost 80%, and the postoperative 
mortality rate remains high, with most series report- 
ing mortality rates of 50%. Some have stated I~'2° that 
most of the factors affecting the outcome of man- 
agement of ruptured aortic aneurysms äre not within 
the surgeon's control. Therefore despite recent ad- 
vances in operative technique and resuscitation, a 
further significant reduction in the mortality rate 
does not seem possible. Many studies uggest that he 
risk ofpostoperative d ath is significantly increased in
patients with low arterial blood pressure on admis- 
sion. The discrepancy of results between different 
surgical teams probably depends on the screening of 
patients who are able to survive the transfer to 
hospital. Specifically, the ratio of patients in shock 
versus those who are not varies quite widely from one 
study to another) s However, the application of 
well-defined principles of management and surgical 
technique may lead to significant improvement in
surgical outcome of ruptured aortic aneurysm, as in 
the experience of Lawrie et al., 9 who reported a 
postoperative rate of only 14.8% in a series of 61 
patients. 
Since January 1989, to minimize intraoperative 
blood loss, we have adopted some changes in 
management and opcrative technique leading to 
improved results with a 20% postopcrative mortality 
rate. The results of our study show that the postop- 
erative mortality risk at 1 month was seven times 
lower when a tube graft was used and 25 times higher 
without the use of intraoperative autotransfusion. 
Moreover, the amount of homologous blood trans- 
fusion administered during and after operation and 
the postoperaöve blood loss were significantly ower 
in the autotransfused patients. 
The high incidence of tube graft in our series 
(67.2%) reflects the policy to perform the most rapid 
intervention- in this life-threatening situation. The 
incidence of tube grafts was significantly higher in 
group 2 than in group 1 (80% vs 42.8%, respectively; 
p = 0.003). Mild iliac aneurysm and moderate ob- 
structive disease are best ignored in those patients in 
whom the first goal ofsurgery isto save the life rather 
than to treat associated lesions. Provan et ad. 21 and 
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Glickman et al.22 have demonstrated successfully the 
possibility of ignoring smaller fusiform iliac aneu- 
rysm and using a tube graft for repair of aortic 
aneurysm without further evolution requiring sub- 
sequent surgical repair. Therefore it seems reasonable 
to ignore mild aneurysmal changes in the iliac arteries 
and use a tube graft rather than a bifurcation graft. 
Since 1989 increased familiarity in the technique 
of autotransfusion bythe ancillary staff has allowed 
routine use in emergency vascular surgery. Intraop- 
erative autotransfusion has been recently reported as 
a safe and effective alternative to homologous blood 
replacement in major aortic procedures. Ruptured 
aortic aneurysm surgery may often involve a inad- 
vertent sustained massive hemorrhage, which is 
difficult o control. Several studies have reported the 
effectiveness of autologous blood salvage techniques 
under these circumstances. 2327 Intraoperative au- 
totransfusion has obvious advantages because it is 
immediately available to maintain blood volume and 
normothermia because of the rapidity with which 
blood is salvaged and returned to the patient. Two 
basic methods of blood salvage and replacement are 
possible: washed and unwashed (whole blood) au- 
totransfusion. Cell washing devices have the ability to 
remove potentially toxic byproducts of injured red 
blood cells, such as activated clotting proteins and 
activated complement, but eliminate such advan- 
tageous blood elements as platelets and clotting 
proteins. Although heparin was added by the au- 
totransfusion system, it was removed when the 
blood was washed by the autotransfusion device. 
Unwashed autotransfusions return not only platelets 
and proteins but also unwanted free hemoglobin 
and activated coagulation factors known for in- 
creasing the frequency of transfusion-related coag- 
ulopathy or nephropathy. Dilutional coagulopathy 
represents he major concern with the use of cell- 
washing systems, and Hallett et al. z6 recommend the 
administration of fresh-frozen plasma and platelets 
when more than 8 units of autologous blood have 
been returned. Intraoperative autotransfusion is par- 
ticularly useful in the treatment of massive hem- 
orrhage where rapid rcinfusion of a large volume 
of blood has been lifesaving and is most effective 
when salvage and reinfusion of blood can be ac- 
complished at flow rates compatible with the degree 
of hemorrhage. Postoperative coagulation disorders 
and hypothermia-induced oagulopathies are rela- 
tively prevented with autotransfusion, which allows 
the return of warmer products. 
This emergency surgery required the most expe- 
rienced surgeon to conduct he operation. In group 
2, all operations were perfbrmed by a vascular 
surgeon with 5 or more years training in vascular 
surgery who was assisted by another vascular surgeon 
as first assistant i stead of one vascular surgeon with 
a variable degree of specialization, as in group I. 
Ouriel et al.16 reported that the degree of specializa- 
tion of the surgeon is one of the most important 
determinants of survival after RAAA, and the mor- 
tality rate for the vascular surgeon was significantly 
lower thaal for the general surgeon (51% vs 69%). 
Veith et al.28,29 have demonstrated that the quality of 
care for AAA is improved when operations are 
performed by surgeons who specialize in vascular 
surgery, perform Comparatively large numbers of 
aneurysm operations, and operate in hospitals where 
these procedures arerelatively common. 
Intraoperative t chnical complication rates are 
reported to correlate significantly with survival rates. 
Donaldson et al.13 reported that 68% of patients who 
died in the postoperative p riod had had a technical 
complication. The higher incidence of complications 
reported in patients with low blood pressure on 
admission, in whom there is a necessity for rapid and 
often difficult aortic exposure and control, suggests 
that obtaining aortic occlusion by atraumatic means 
might be fruitful. The most commonly reported 
major technical complication leading to death is 
venous injury to the left renalvein or the inferior vena 
cava during exposure of the neck of the aneurysm. In
cases of huge retroperitoneal hematomas, it is essen- 
tial to avoid blind dissection, which increases the risk 
of venous or visceral injury, and suprarenal ortic 
control must be achieved systematically. In our study, 
suprarenal aortic control was performed in 22 
patients (36.1%). 
To reduce the time required for p eclotting and to 
minimize intraoperative unavoidable blood loss such 
as oozing through the interstices of a nonimpreg- 
hated graft, we have routinely used collagen- or 
albumin-impregnated grafts since 1989. Because of 
significant problems with coagulation, we left sys- 
temic administration fheparin for only local heparin 
infusion in the distal arterial tree after aortic control 
was achieved. 
The limitations of this study are primarily the 
small number of patients and the lack of data 
resulting from the retrospective collection and the 
emergency context of RAAA. A larger number of 
patients is needed to confirm our conclusions. 
Although these results are encouraging, it is obvious 
that the operative mortality rate in RAAA is only the 
tip of the iceberg and that most patients died before 
admission to hospital. The best results can still be 
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achieved by a policy ofprevention with earlier eferral 
of these patients for elective aneurysmectomy. How- 
ever, elective surgical repair of small AAA should 
prevent deaths from rupture, but it will also subject 
many patients to the risk of a major surgical 
procedure, considering that most AAA never rup- 
ture. Alternatively, waiting too long to operate 
entails a risk of rupture and death during the 
observation period. Lederle et al. 3° currently are 
leading a randomized clinical trial intended to 
determine which of two strategies i superior for 
managing small AAA. 
It is reasonable to assume that technical compli- 
cations may contribute to the postoperative mortality 
rate of RAAA and that it might be possible for the 
surgeon to reduce the mortality rate by working to 
lower the intraoperative complication rate. Continu- 
ing efforts to achieve improvement in surgical 
technique and careful use of the operative techniques 
outlined in this report have resulted in reduction in 
the mortality rate to the present level of 20%. We 
believe that RAAA should be moved to specialized 
surgical centers where well-trained and experienced 
surgeons are performing these operations. 
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